Background: Low birth weight (LBW) is an important risk factor for childhood morbidity and mortality, consequently an important public health concern. Aim: This study aims to identify signifi cant socio-economic and nutritional determinants associated with LBW in India. Materials and Methods: Data from 2005 to 2006 National Family Health Survey-3 (NFHS-3) of India was analyzed. A total of 20,946 women (15-49 years) who gave birth at least once 5 years preceding the NFHS-3 were included in this study. Infant's LBW (<2500 grams) as outcome variable was examined in association with all independent predictors as infant's sex, maternal household wealth status, caste, age, education, body mass index (BMI), stature, anemia level, parity, inter-pregnancy interval, antenatal care received, and living place. Results: Almost 20% of the infants were born with LBW. Mother's low education level, BMI <18.5, short stature (height <145 centimeters) and lack of antenatal visits (<4 visits) were signifi cant predictors of LBW. Male gender has a protective effect against LBW. Conclusion: Maternal education, nutritional status and antenatal care received are key determinants that need to be addressed to reduce prevalence of LBW in India. Continue implementation of multifaceted health promotion interventions are needed to address these factors effectively.
Introduction
Low birth weight (LBW) is an important determinant of childhood morbidity and mortality. [1, 2] Child's birth weight is a signifi cant factor which determines vulnerability for risk of childhood illnesses and childhood survival. Consequently, children who are born with weight less than 2.5 kg are vulnerable for dying during their early childhood. [2, 3] Moreover, research highlight strong associations between LBW and increased risk of infections, malnutrition, poor academic performance and problems related to mental, behavior and learning diffi culties during childhood. [3, 4] Consequences of LBW trek into adulthood and can cause range of chronic diseases, e.g., ischemic heart disease, stroke, hypertension, diabetes, metabolic syndrome, malignancies, dementia, and osteoarthritis. [3, 5] Low-income countries account for majority share of LBW. Half of the children with a LBW were born in South Asia and among these countries India and Bangladesh has the highest prevalence of LBW (30%). [6] Consequently, strategies to reduce prevalence of LBW is important in order to achieve the forth Millennium Development Goals (MDG 4)-reduce child mortality. [6] Contributing factors for LBW are multifaceted and include factors such as maternal age, poor maternal nutritional status, and non-pregnant weight, gestational age, intervals between pregnancies, parity, educational status, violence during pregnancy, lack of antenatal care (ANC) and very low socio-economic status. [7] [8] [9] [10] In India, low body mass index (BMI), short stature, anemia and/or other micronutrient defi ciencies are known to increase the risk of giving birth to a baby with LBW.
For example, low BMI is a reliable indicator for proteinenergy malnutrition, which affects fetal growth during pregnancy. [11] The nutritional status of a pregnant woman can be affected by many factors including low socioeconomic status, higher parity and short inter-pregnancy interval. [10] Women with low socio-economic status are more likely to have inadequate food intake, unhygienic housing and lack of sanitation, reduced ability to seek medical care and purchase medicine/supplements, which then affects the birth weight of their infants. [10, 12] The incidences of placenta previa and malpresentation increases with high parity and these complications may predispose a women to give birth to an infant with LBW. [13] An association between short (<18 months) and long (>59 months) inter-pregnancy intervals and LBW was highlighted in literatures. [14] [15] [16] Maternal nutrient stores may deplete as a result of short inter-pregnancy intervals thus may reduce the birth weight of an infant. [15] There is a strong association between lack of ANC and adverse pregnancy outcomes. [8, 17] Antenatal Clinics are an essential element of the health services provided during pregnancy. These clinics provide services such as screening, prevention, and treatment of pregnancyrelated complications. The World Health Organization (WHO) recommends at least four standard quality antenatal care visits comprising interventions such as tetanus toxoid vaccination, screening and treatment for infections, and identifi cation of warning signs during pregnancy. [18] Evidence highlighting determinants of LBW are discussed above, but most studies were conducted in specifi c settings, e.g., rural or hospital-based studies. [8, 9] Study populations were relatively small and/or major determinants of LBW across a country may not have taken into account in some of these studies. Therefore, current study aims to address these methodological issues by including a large population across India and inclusion of multifaceted risk factors known to infl uence LBW. Accordingly, this study aims to investigate the association between maternal socio-economic status, nutritional status, and use of ANC and risk of LBW in India. Findings may benefi t to highlight key modifi able risk factors and implement multifaceted health promotion interventions to reduce to prevalence of LBW.
Materials and Methods

Study area and population
Data from the 2005-2006 National Family Health Survey-3 (NFHS-3) was used. [19] 
Sample selection
Women who were married at the time of survey and in reproductive age (15-49 years) with at least one childbirth during 5 years preceding NFHS-3 were included in this study. Birth weights for 20,946 infants (34%) were recorded in the NFHS-3 dataset by extracting information from a health card, written record or from mother's selfreported data (recall). Therefore, 20,946 infants with complete information on birth weight were included in the data analysis.
Socio-demographic, anthropometric and nutritional variables
A set of theoretically relevant and well established risk factors for LBW was adapted for the analysis. [8, 10] Major factors such as socio-demographic, anthropometric, nutritional status, and health service received during pregnancy (discussed below) were included in the analysis.
Birth weight
Birth weights were recorded in the NFHS-3 questionnaire for births during the 5 years preceding the survey either from a written record or a health card (if they are available). If not, by asking mothers to recall their child's birth weight. Birth weights were recorded for 34% of the infants (n = 20,946) with complete gestational age (>37 weeks). In India, over 50% of deliveries occur at home and often newborns are not weighed at birth (NFHS-3).
According to the WHO's classifi cation of LBW, birth weight <2500.0 g was classifi ed as LBW. [6] The NFHS-3 data was coded using this criterion into "LBW" and "normal weight" categories.
Socio-economic status and caste/tribe
Household socio-economic status was measured using a validated assessment of household assets. Every household was assigned a standardized score for each asset depending on whether or not the household owned that asset. Sum of the scores of all assets in a household was used to generate the household's wealth index score which were categorized into fi ve socio-economic quintiles and given a rank from one (poorest) to fi ve (richest) used in NFHS-3, as discussed elsewhere. [19] They were further categorized as poor, middle class, and better off in the present study. The caste woman was classifi ed as "scheduled caste", "scheduled tribe", ''other backward class'', and "none (general caste)". This classifi cation of caste focuses more on the socially disadvantaged castes, and all privileged caste groups are coded in the ''general caste'' group.
Antenatal care (ANC) visits
WHO recommends minimum of four antenatal visits for a woman with normal pregnancy. [18] Therefore, women were categorized into to two groups, "<4 visits" and "≥4 visits"
Anthropometric, nutritional and other variables
The height and weight of women were measured using a solar-powered electronic (SECA) scale with a digital screen. These SECA scales were designed and manufactured under the guidance of the United Nations Children's Fund (UNICEF). A cutoff point of 145 centimeters (cm) was used to defi ne short stature as per NFHS-3. [19] Body mass index was calculated using the standard formula-Weight (kg)/Height 2 (m 2 ) [20] The cut-off point of BMI <18.5 was set as underweight as per WHO. [20] The NFHS-3 performed blood tests to obtain hemoglobin levels of the women survey participants. Then the hemoglobin levels of these women were adjusted for altitude, smoking, and pregnancy by the NFHS-3 team using CDC formulas and then categorized into severe, moderate, mild and not anemic groups.
[21] For the purpose of this study, these categories were recoded into "moderate to severe", "mild" and "not anemic". BMI, stature and level of anemia were used as proxy to measure maternal nutritional status.
Age of mother was coded into "<20 years", "20-35 years", and ">35 years" based on fi ndings from previous studies. For example, women aged <20 years [22] and women delaying their fi rst pregnancy beyond 35 years [23] were at increased risk for giving birth to babies with LBW.
Maternal education was measured in years of schooling and categorized into "no education", "primary education" (1-5 years), "secondary education", (6-12 years), and "higher education" (more than 12 years). Parity was categorized into "first birth" (nulliparous), "parity 2-4" (multiparous) and "parity ≥5" (grand-and great grand multiparous). [24] An association between short (<18 months) and long (>59 months) inter-pregnancy intervals and LBW was highlighted in many studies. [14] [15] [16] Therefore, inter-pregnancy intervals were coded into "<18 months", "18-59 months" and ">59 months". Place of residence was grouped into "urban" and "rural".
Statistical analysis
Associations between socio-economic status, nutritional predictors and low birth weight of infants were analyzed by bivariate analysis using Pearson's Chi-square tests. All the signifi cant predictors (P < 0.05) from Pearson's Chi-square tests were further analyzed using binary logistic regression models to establish associations between all independent predictors and the outcome variable (LBW). In the fi rst instance, binary logistic regression models were used to obtain unadjusted odds ratios (OR) between each predictor and LBW separately. Then all variables were entered into the fi nal model to establish adjusted OR for these variables and LBW. The OR with 95% confi dence intervals (CI) was computed to estimate the association between variables. All P-values reported were based on two-tailed comparisons and the level of significance set at 0.05. All statistical analyses were performed using Statistical Package of Social Sciences (SPSS), Version 21.0 (IBM SPSS Inc., Somer, NY).
Ethical considerations
The survey received ethical permission from the Institutional Review Board of Opinion Research Corporation (ORC), Macro International Incorporated. Informed consent was obtained from the participants prior to interview, and the right to withdraw was emphasized throughout the survey.
Results
The mean age the women were 25.9 ± 4.9 years, height 151.8 ± 5.8 cm, parity 2.7 ± 1.14 and the mean BMI was 21.3 ± 4.5. The average birth weight of the infants was 2844 ± 683 g and 20.3% of the infants were born with LBW. Table 1 represents basic characteristics of the participants by two groups; 1) women with infants who were normal birth weight (NBW) (≥2500 g) and 2) women with infants who were LBW (<2500 g). Pearson's Chi-square tests identified differences between the maternal socio-economic and nutritional status in both groups. Child's sex, maternal wealth status, caste/tribe, age, education, BMI, stature, level of anemia, inter-pregnancy interval, antenatal visits and level of urbanization were signifi cantly associated with LBW of infants (P < 0.05). Association between LBW and parity was statistically insignifi cant. Table 2 shows adjusted and unadjusted OR for LBW (in logistic regression models). After adjusting for all of the variables included in the study (adjusted model); infant's sex, women's education, BMI, stature, and antenatal visits were statistically signifi cant. The adjusted OR for women with "no education" had the largest effect in explaining the prevalence of LBW (OR = 1.87; 95% CI: 1.48-2.37, P < 0.001). Women with "primary education" had 62% higher odds of giving birth to an infant with LBW (OR = 1.62, CI: 1.27-2.06, P < 0.001) than women with "higher education". Binary logistic regression, adjusted for the other factors shown on the table, *Signifi cant at P-value < 0.05, **Signifi cant at P-value < 0.01, ***Signifi cant at P-value < 0.001, † Scheduled castes or tribes are recognized as socially and economically backward in India and in need of special protection from injustice and exploitation Scheduled castes or tribes are recognized as socially and economically backward in India and in need of special protection from injustice and exploitation If a women's BMI was <18.5, then the odds of having LBW infants was 49% higher (OR = 1.49, 95% 1.32-1.69, P < 0.001) than the women with BMI >18.5. Women who have a shorter stature (height <145 cm) were 35% more likely to give birth of an infant with LBW (OR = 1.35, 95% CI: 1.11-1.64, P < 0.01). Moreover, fewer than four ANC visits was associated with LBW (OR = 1.15, CI: 1.02-1.31, P < 0.05) and being a male infant was found to be protective of LBW (OR = 0.79, CI: 0.71-0.89, P < 0.001).
In the unadjusted model, maternal age <20 years, having moderate to severe anemia, shorter inter-pregnancy interval (<18 months), 'poor' and 'middle-class' socioeconomic status, "scheduled caste" and living in urban area were signifi cant risk factors for giving birth to an infant with LBW. However, in the adjusted model, influences of these factors greatly attenuated and statistically insignifi cant.
Discussion
Maternal education, BMI <18.5, short stature (height <145 cm) and lack of antenatal visits (<4 visits) are significant predictors of LBW. In agreement with previous studies, maternal education emerged as a strong determinant for LBW. Women with 'no education' had the greatest odds of giving birth to an infant with LBW followed by women with "primary education". [9, 25] Agreeing with previous studies, birth weight of the bay is greatly infl uenced by mother's level of education and having some kind of maternal education (oppose to no education) have a protective effect against LBW. [9, 25] It is likely that women with no or low level of education and/or knowledge may practice poor health habits (e.g., smoking, drug or substance uses, etc.). Additionally they may be very poor and lacks access to adequate healthcare resources (e.g., antenatal care, iron supplements, etc.) which consequently may infl uence fetal growth. Therefore, interventions to improve the education level of women and female children are important to reduce prevalence LBW in India.
Women with poor nutritional status, refl ected in low BMI (<18.5) had 49% higher odds of having LBW infants. These fi ndings are in agreement with previous studies where low pre-pregnancy BMI was signifi cantly associated with LBW of an infant. [11, 26] Low maternal BMI is a marker for marginal tissue nutrient reserves and a predictor of protein-energy malnutrition, which may affect fetal growth. [11, 27] The risk estimates for having an infant with LBW was signifi cantly elevated for women with short stature (height <145 cm). Height of a mother is an outcome of several factors including nutrition during her childhood and adolescence. Targeted public health interventions to improve nutrition status of women in childbearing age as well as female children are imperative to reduce prevalence of LBW in India. The cut-off point for height below which a woman can be identifi ed as nutritionally at risk varies across populations and ethnic origins. For example, previously identifi ed cut-off points were 145 cm in India, [28] 155 cm in United Kingdom, [29] 156 cm in Sudan, [12] and 165 cm in Israel. [30] This study found a strong association between lack of antenatal care and low birth weight and the results are in agreement with previous studies. [17, 25] Antenatal care provide routine monitoring of height and weight gain, identifi cation of medical maternal or fetal problems, counseling against tobacco or substance use, provide psychosocial support, nutritional advice, and early intervention which may reduction adverse pregnancy outcomes including LBW. [18] Lack of access to ANC could be infl uenced by many factors including lower socio-economic status and poor knowledge. Therefore, utilization of ANC should be further investigated to understand obstacles and opportunities to improve services.
Low socio-economic status is one of the strongest predictors of LBW in low-income countries. [10, 12, 28] In contrast to previous findings, low socio-economic status was not signifi cantly associated with LBW in this study. Perhaps in spite of poor socio-economic status if a woman could maintain a good nutritional status and avoid potential medical complications during pregnancy, giving birth to a normal weight baby might be a possibility.
Short inter-pregnancy intervals may result in depletion of maternal nutrient stores and lead to reduced birth weight. [15] However, signifi cant association between short inter-pregnancy intervals and LBW was not evident in this study. Perhaps it is logical to assume that if a woman regain her nutritional status before conception of another fetus, even in a short period it may possible to have a normal weight baby.
No statistically significant differences were evident for birth weight in children born to anemic women. A meta-analysis of 10 studies by Xiong et al. (2000) reported similar fi ndings, [31] and a plausible explanation could be that anemia due to physiological fall in hemoglobin levels during late pregnancy may due to normal plasma volume expansions. [32, 33] Some studies found that pregnant women with large plasma volumes have given birth to babies with higher birth weight than average. [34, 35] In fact, Higgins et al. (1982) reported an inverse association between birth weight and hemoglobin levels during late pregnancy (P < 0.01). Birth weights of the newborns were significantly larger in anemic women (3424 ± 454 g) compared with non-anemic women (3338 ± 485 g). [34] The relationship between maternal hemoglobin level and birth weight was established in many studies and hemoglobin was identifi ed as an important biomarker contributing to birth weight. [7, 28, 36] In this study, information is lacking to ascertain when the hemoglobin levels were measured (e.g., during early or late pregnancy). Thus, it is not possible to draw any conclusion in relation to anemia level and LBW. Relationship between anemia and LBW seems to be complex and further investigations are needed to investigate associations between anemia and LBW in India.
This study found that male gender has a protective effect against LBW. The biological mechanism by which the sex of the fetus infl uences birth weight is not clear. On average, the weight of a male infant is 150 g greater than that of a female infant and this difference in weight starts to appear after 28 weeks of gestation. It is hypothesized that the activity of androgen causes difference in maternal fetal antigen, or genetic material on the Y chromosome carrying genetic material for fetal growth. [37] 
Strengths and limitations
One major strength of this study is the large sample size. Data from the NFHS 3, 2005-2006 represented whole of India and fi ndings can be generalized for the Indian subcontinent. Women with missing information relating to birth weight of their infants were found to be equally spread in across variables such as socio-economic status, education, and geographical location; thus, minimal selection bias in the study sample. Use of mother's self-reported data (recall) should be notes as one of the limitations. The prevalence of LBW was higher in the National Family Health Survey-2 (NFHS-2), 1998-1999, where birth weights were recalled from memory rather than reported from a health card. [38] 
Conclusions
Maternal socio-economic status, nutritional status and antenatal are received were identifi ed in this study as important determinants of LBW in India. These key mediating factors that need to be considered to improve birth weight of infants and targeted public health interventions are needed to improve these factors.
